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In  this  thesis,  the  possibility  of  simultaneous  all-optical  regeneration  of  wavelength-
division multiplexed (WDM) signals within the same optical device is investigated. The 
optical regeneration scheme  discussed in this thesis relies on the exploitation of the 
SPM  induced  by  the  optical  Kerr  nonlinearity  within  an  optical  fibre.  In  the  work 
presented in this thesis, I report the extension of a particular single-channel all-optical 
2R  regenerator  suitable  for  on-off  keying  return-to-zero  modulation  format  to  WDM 
operation. The device is referred to as the Mamyshev regenerator, and provides both 
Re-amplification and Re-shaping capabilities for the incoming optical signal. 
An in-depth analysis of the single-channel device reveals that remarkable and simple 
scaling rules can be established to relate the output properties of the optical regenerator 
to  the  characteristics  of  the  incoming  signal  to  be  regenerated  and  key  physical 
parameters defining the optical regenerator. The analysis allows general conclusions to 
be drawn on the mitigation strategies to be implemented to extend the scheme to the 
multi-channel case. 
The  extension  to  the  multi-channel  scenario  is  then  examined.  Minimization  of  the 
interaction time between adjacent channels is introduced by inducing a sufficient walk-
off between co-propagating signals. The strength of the inter-channel nonlinearities can 
be sufficiently reduced to preserve the optical regeneration capabilities. Two techniques 
are therefore reported. One is based on the counter-propagation of two optical signals 
within the same piece of nonlinear fibre. The second relies on polarization multiplexing 
of two co-propagating signals. Theoretical aspects and experimental demonstrations at 
10 Gb/s, 40 Gb/s, and 130 Gb/s are reported.  
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Chapter I:  Introduction 
 
Over the two last decades, data communications traffic has demonstrated continuous growth and 
driven mostly by the development of Internet traffic and the development of new services such 
as High-Definition television, video on demand, Internet browsing, online gaming and remote 
computing to name but a few. All of these new multimedia services are ever more bandwidth-
consuming as compared to traditional voice and sources data traffics (e.g. email), and drive an 
unprecedented demand for more complex communication networks of higher bandwidth and 
capacity. With the development of new broadband services (e.g. Fibre-to-the-Home), that allows 
the delivery of up to 100 Mb/s today and up to 10 Gb/s in the near future [1], the growth for 
more bandwidth is not expected to end anytime soon. 
Addressing such a growth demand is not a straightforward challenge as numerous technical and 
economic  factors  must  be  taken  into  consideration  [2].  Among  these,  one  can  identify 
infrastructure installation and maintenance costs, upgrade possibilities to address the unrelenting 
bandwidth growth and the introduction of service quality as critical issues. 
Because of its huge bandwidth capacity as compared to copper or wireless transmission, optical 
fibre can transport a large amount of data within the same medium over several thousands of 
kilometres. The advent of optical amplifiers, wavelength-division multiplexing (WDM) [2] or  
10 
Chapter II:  General 
background 
 
All-optical regeneration is a generic term, which in fact designates a collection of elementary 
signal processing functions that may be applied to an optical signal. These signal processing 
operations provide a means to remove different kinds of distortion that can affect an optical signal 
by manipulating the incoming signal directly in the optical domain. Depending on the nature of 
the signal degradation and its strength, different techniques have been implemented to suitably 
restore the signal integrity. Multiple processing operations can in many instances be achieved 
within the same optical device. 
In the first part of this chapter, the different signal processing functionalities used for all-optical 
regeneration  are  introduced.  The  fundamental  properties  used  to  implement  them  are  then 
described.  
In  the  second  part  of  this  chapter,  I  examine  the  different  all-optical  regeneration  devices 
operating  in  a  single-channel  environment.  Because  my  work  contribution  involves  highly 
nonlinear fibres, a particular emphasis is placed on optical fibre-based techniques. In particular,  
47 
 
Chapter III:  Single-channel 
2R-optical regenerator design 
 
This chapter reports the new contributions during my PhD  work on the design of the single 
channel  optical  2R  optical  regenerator  based  on  spectral  broadening  and  subsequent  offset 
filtering.  Taking  benefit  of  fundamental  scaling  properties,  I  identified  general  rules,  which 
drastically  reduce  the  design  complexity  of  the  optical  regenerator,  be  it  in  the  absence  or 
presence of fibre attenuation. This approach facilitated the drawing of fundamental conclusions 
that are bit-rate independent. 
The presentation of these results and conclusions are given in Publications A and B. Publication 
A reports the presentation of the model used and the theoretical scaling rules proposed for the 
regenerator  in  the  absence  of  any  fibre  attenuation.  The  second  Publication  presents  the 
experimental validation of the design rules, and for which the impact of the fibre attenuation loss 
has been included.  
75 
 
 
Chapter IV: Multi-channel 
2R-optical regenerator  
 
In this chapter, I review the solutions I have proposed to extend the optical regeneration scheme 
proposed by P. Mamyshev to the multi-channel environment. Taking benefit of the design rules I 
established for the single-channel case, two novel schemes are presented. A suitable mitigation of 
the inter-channel cross-talk generated within the nonlinear optical gate of the optical regenerator 
is achieved thanks to the introduction of a large walk-off between the optical channels under 
process. Using direction- and polarization- multiplexing, I show that up to 4 channels can be 
simultaneously regenerated within the same piece of highly nonlinear fibre. 
The chapter is divided into three sections. First, I examine the key aspects to be considered to 
extend  the  single-channel  regenerator  to  a  multi-channel  case  (not  only  from  a  cross-talk 
mitigation aspect but also in light of the conclusions found for the single channel design). From 
this analysis, several strategies to extend the single-channel scheme are then discussed. Following 
this review, I describe the two technical solutions I have implemented and analyse their principle  
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